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I. INTRODUCTION

Customer satisfaction is vital for real time video applica-
tions that are being used in mobile devices. Being connected
to a wireless access point is not enough; in addition, adequate
per-application performance is expected. To achieve high user
satisfaction, it is necessary to adapt the ongoing connection
to the frequently changing network conditions. Matching the
network metrics gathered from network interfaces to the user
ratings, collected from human subjective evaluation, provide
a user-centric paradigm to seamless communications. Not
only collecting Quality of Service (QoS) metrics, but also
analyzing these on a per-technology basis is vital and so far
not questioned much. Based on real-world experiments that
has conducted so far, it is a challenge to obtain a Quality of
Experience (QoE) model with high correlations [3].

In order to achieve seamless handover with a simplified
decision process, i.e., focusing on only one parameter rather
than a set of parameters [4], careful choice of performance
metrics on the network level is required. In particular, for each
type of network, a specific performance metric that correlates
well with user ratings can be identified. The aim of our
research is to identify parsimonious QoE models for different
wireless technologies to predict a certain user rating with given
QoS metrics obtained from live video streaming through the
Internet.

We present the analysis of the data collected through a set
of experiments done through 3rd Generation (3G) and Wireless
Fidelity (WiFi) interfaces of HTC Dream running Android 1.5.
There is a substantial body of research regarding wireless
measurements, however, analyzing the Zero Throughput Time
(TZ) in the network in case of extreme delays has not yet
explored. By slightly extending the definition of Jitter (J), to
filter the extreme values from the cluster of data, we introduce
the TZ metric. The QoS metrics under investigation in this paper
are: Packet Delay Variation (SD), TZ and Packet Loss Rate
(L). We propose SD models for 3G and Wireless Local Area
Network (WLAN). In addition, we concentrate on metrics L

and TZ for WLAN and 3G, respectively.

II. ACQUISITION OF QOS AND QOE METRICS

A. Packet Delay Variation (SD)

The SD is calculated as the standard deviation of the one-
way delays of the packets between a streaming server and the
mobile device within one second time interval as depicted in

Eq. 1 [3]. TR,n is the time when the packet is received, TS,n

is the time when the packet departed, N is the number of
received packets per interval, and D is the average of one
way delays per interval. Each interval duration is 1 s.

Dn = TR,n − TS,n (1)

SD =

√√√√ 1

N − 1

[
N∑

n=1

(Dn
2
)−ND

2

]
(2)

B. Packet Loss Rate (L)

The L is calculated as in Eq. 3 where ND is the number
of departed packets at sender and the NR is the number of
received packets at receiver. L is calculated per one second
time interval basis, i.e., ∆T = 1 s.

L = [ND −NR] /∆T (3)

C. Jitter (J)

Jn is calculated as the difference of the inter arrival times
of the consecutive packets as shown in Eq. .5.

∆TR,n = TR,n − TR,n−1 (4)
Jn = ∆TR,n −∆TR,n−1 (5)

D. Zero Throughput Time (TZ)

TZ is the duration during which no throughput is observed,
and durations more than one time interval is possible. It is
calculated as the time difference between the reception time
of the last packet, i.e., N ’th packet, in the previous interval i′

and the first packet in the current interval i as shown in Eq. 6.

TZ(i) = TR,1(i) − TR,N (i′) (6)

E. User Rating (U)

The QoE of videos is generally given on a scale from 1 to
5. Here, 1 corresponds to bad quality whereas 5 is excellent
[5]. Bad quality on the streamed video is observed with
evidences of video freezes, color changes and blurred images.
Exponentially Weighted Moving Average (EWMA) is used with
the weighting factor of 0.25 to maximize the correlations in
our models [1]. The impact of instantaneous short duration
events on the user ratings are smoothed by this way.



III. RESULTS AND OBSERVATIONS

A. Packet Delay Variation (SD)
The QoE models that are shown in Eq. 7 and in Eq. 8

are illustrated in Fig. 1(a) and Fig. 1(b), respectively. The
correlation coefficient of determination R2’s for each trend
is listed nearby the corresponding equations. Eq. 7 is obtained
while ignoring the on-off flushed packets, that is the common
case when 3G network tries to recover from packet loss and
only releases all packets when the lost packets are recovered
[3]. This motivates us to look forward to the TZ metric.

U = 11.12 (SD/ms)−0.41,R2 = 0.76 (7)

U = 4.52 exp(−0.01SD/ms),R2 = 0.65 (8)

B. Packet Loss Rate (L)
The QoE model for WLAN that is illustrated in Fig. 1(d) has

the exponential function in Eq. 9. In WLAN streaming, there
exists a correlation between L and U with varying evidences,
e.g., color changes, blurred pictures, frame jumps.

U = 3.70 exp(−0.35 sL),R2 = 0.57 (9)

C. Jitter (J)
Though the QoS metrics observed in our study are calculated

independently from each other, there is a trend that the high
values of J [2] metric occur simultaneously with the TZ metric.
Furthermore, TZ is considered as the subset of J which points
the long durations.

D. Zero Throughput Time (TZ)
We present the QoE model obtained from 3G interface with

Eq. 10 in Fig. 1(c). The instantaneous TZ values are observed
as high as 4563 ms in 3G, while it was only 215 ms for
WLAN. In Fig. 2, the Complementary Cumulative Distribution
Function (CCDF) shows the distinctive difference in TZ metric
between two different wireless technologies. In 3G, the typical
evidences of the low user perceptions are the long video
freezes in the video stream.

U = 16.56 (TZ/ms)−0.4,R2 = 0.73 (10)

IV. CONCLUSION AND FUTURE WORK

We conducted experiments to analyze network performance
metrics, e.g., SD, TZ and L independently from each other
and presented how each metric is affecting the quality of the
video stream in 3G and WLAN streaming. Significance of QoS
parameters for QoE depends strongly on the technology. We
observed that one parameter per each technology is sufficient
to show the performance of the wireless network at a given
time due to differences between the characteristics of the
networks. In 3G, L doesn’t tell much, on the other hand there
are long TZ values observed in the video streaming resulting in
a power QoE model. In contrast, in WLAN, no extreme values of
TZ are observed, but correlating L values. As the future work,
we would like to collect more data from real life experiments
by involving other wireless technologies into our analysis.
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(a) User rating versus SD in 3G.
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(b) User rating versus SD in WLAN.
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(c) User rating versus TZ in 3G.
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(d) User rating versus L in WLAN.

Fig. 1. QoE models obtained in different wireless technologies. Power models
for 3G on the left column and the exponential models for WLAN on the right
column are illustrated.
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Fig. 2. CCDF of TZ for 3G and WLAN are illustrated with the continuous
and the dashed lines, respectively. 3G has much longer tail as compared to
WLAN. The difference in between the networks appears roughly after 100 ms.
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